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(57) ABSTRACT 

Disclosed is a data processing system, a data processing 
system-implemented method and an article of manufacture 
for providing general user availability while integrity pro 
cessing of rolled-in data is deferred and performed incre 
mentally. The data processing system includes a data ware 
house administration module for administering a data 
warehouse to include a table dividable into portions for 
containing rows of rolled-in data, a first and a second 
delimiter delimiting the start and the end respectively of 
each portion, a metadata element having an entry corre 
sponding to the start and end delimiters delimiting each 
portion, a third delimiter for delimiting, between the first 
delimiter and the third delimiter, a sub-portion of the por 
tion, and an operations management module having opera 
tion mechanisms for performing operations on the data 
warehouse responsive to the delimiters. 

18 Claims, 5 Drawing Sheets 
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1. 

SYSTEMAND METHOD FOR GRADUALLY 
BRINGING ROLLED IN DATA ONLINE 
WITH INCREMENTAL DEFERRED 

INTEGRITY PROCESSING 

FIELD OF INVENTION 

The present invention relates to the field of database 
management systems. In particular, the present invention 
relates to a data processing system, a data processing sys 
tem-implemented method and an article of manufacture for 
deferred incremental integrity processing of rolled in data in 
a data warehouse. 

BACKGROUND 

In a typical data warehouse environment large amounts of 
data are periodically rolled into tables. In the case of new 
data being rolled into a table, before the new data can be 
accessible to a general user of the table, integrity processing 
(e.g. constraint checking, index maintenance, and material 
ized view maintenance) must be preformed on the new data. 
It is desirable that existing data in the table remain fully 
on-line and available to the general user while integrity 
processing is performed on the rolled in data. Existing 
methods typically either bring the entire table off-line or 
bring the table on-line in a read-only mode while the 
integrity processing of the rolled in data is carried out. 

Also, as the volume of data being rolled into the table can 
be significant, existing systems, which typically integrity 
process the rolled-in data all at once, can create significant 
delays before any of the rolled-in data is made available to 
the general user. 
What is needed is a mechanism to permit full on-line 

access to a table while integrity processing of rolled in data 
is deferred to a later time and carried out on an incremental 
basis. Preferably the integrity processed rolled-in data can be 
made available (on-line accessible) gradually as processing 
of each increment of data is completed. 

SUMMARY 

In accordance with one aspect of the present invention, 
there is provided a data processing system for providing 
general user availability while integrity processing of rolled 
in data is deferred and performed incrementally, the data 
processing system including a data warehouse administra 
tion module for administering a data warehouse to include a 
table dividable into portions for containing rows of rolled-in 
data, a first and a second delimiter delimiting the start and 
the end respectively of each portion, a metadata element 
having an entry corresponding to the start and end delimiters 
delimiting each portion, a third delimiter for delimiting, 
between the first delimiter and the third delimiter, a sub 
portion of the portion, and an operations management mod 
ule having operation mechanisms for performing operations 
on the data warehouse responsive to the delimiters. 

In accordance with another aspect of the present inven 
tion, there is provided a data processing system-imple 
mented method of directing a data processing system to 
provide general user availability while integrity processing 
of rolled-in data is deferred and performed incrementally, 
the data processing system-implemented method including 
administering a data warehouse to includes a table dividable 
into portions for containing rows of rolled-in data, a first and 
a second delimiter delimiting the start and the end respec 
tively of each portion, a metadata element having an entry 
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2 
corresponding to the start and end delimiters delimiting each 
portion, a third delimiter for delimiting, between the first 
delimiter and the third delimiter, a sub-portion of the por 
tion, and performing operations on the data warehouse 
responsive to the delimiters. 

In accordance with still another aspect of the present 
invention, there is provided an article of manufacture for 
directing a data processing system to provide general user 
availability while integrity processing of rolled-in data is 
deferred and performed incrementally, the article of manu 
facture including a program usable medium embodying one 
or more instructions executable by the data processing 
system, the one or more instructions including data process 
ing system executable instructions for administering a data 
warehouse to includes a table dividable into portions for 
containing rows of rolled-in data, a first and a second 
delimiter delimiting the start and the end respectively of 
each portion, a metadata element having an entry corre 
sponding to the start and end delimiters delimiting each 
portion, a third delimiter for delimiting, between the first 
delimiter and the third delimiter, a sub-portion of the por 
tion, data processing system executable instructions for 
performing operations on the data warehouse responsive to 
the delimiters. 

Other aspects and features of the present invention will 
become apparent to those ordinarily skilled in the art to 
which it pertains upon review of the following description of 
specific embodiments of the invention in conjunction with 
the accompanying figures. 

BRIEF DESCRIPTION OF DRAWINGS 

The present invention will be described in conjunction 
with the drawings in which: 

FIG. 1 is a schematic representation of an exemplary 
embodiment of a database management system according to 
the present invention and a data warehouse. 

FIGS. 2 A, B and C are schematic representations of 
portions of a table in accordance with an exemplary embodi 
ment of the present invention. 

FIG. 3 is a flowchart representing the steps in an exem 
plary embodiment of a method according to the present 
invention. 

FIG. 4 is a schematic representation of an exemplary 
generic computing platform on which the present invention 
can be practiced. 

DETAILED DESCRIPTION 

An embodiment provides for the deferral and incremental 
performance of integrity processing for data rolled into a 
table of a data warehouse. The embodiment permits the table 
to be on-line and accessible during integrity processing. The 
rolled-in data is contained within specific data portions of 
the table. Each data portion in the table has one or more 
contiguous rows of data. Rolled-in data is placed in one or 
more portions of the table. Table operation mechanisms are 
arranged such that general users of the table do not access 
rolled-in data in a portion for which integrity processing has 
not yet been performed. A sub-portion can be delimited from 
each portion. Integrity processing is applied to the Sub 
portion. When integrity processing is complete, the content 
of the sub-portion is made accessible and the remainder of 
the portion can be sub-portioned and integrity processed 
repeatedly until all rolled-in data is processed and made 
accessible. Thereby, after data is rolled-in, the data ware 
house can be made available to the general user while 
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integrity processing is deferred and can be incrementally 
performed. The integrity processed rolled-in data can be 
gradually made available as each increment of data has been 
processed. 

FIG. 1 is a schematic representation of an exemplary 
embodiment of a database management system 100 accord 
ing to the present invention and a data warehouse 140. The 
database management system 100 comprises a data ware 
house administration module 110 and an operations man 
agement module 120. The database management system 100 
is arranged for operative coupling to a data processing 
system, such as for example the generic computing platform 
represented in FIG. 4 and described below, having memory 
for storing the data warehouse 140. The database manage 
ment system 100 interacts with the data warehouse 140 in 
order to administer and operate on the contents of the data 
warehouse 140. The data warehouse administration module 
110 provides administrative functions such as, for example, 
management of a data model and Schema for the data 
warehouse 140. The data warehouse administration module 
110 provides for the data warehouse 140 to contain one or 
more tables 142 each having a plurality of rows of data. Each 
table 142 can have data portions (herein after portions) 144 
each containing one or more contiguous rows of the table 
142. Each table 142 can have one or more index mechanisms 
148. An index mechanism 148 provides for the association 
of an index key with one or more rows of the table 142. The 
operations management module 120 comprises mechanisms 
that provide for a range of data warehouse operations. 
Theses operations mechanisms can include: table scan 122, 
index scan 124, data update 126 (e.g. modify, insert and 
delete) and integrity processing 128. 
The data warehouse 140 has one or more tables 142, one 

or more materialized views 150 and one or more dependant 
tables 160. A dependent table 160 is one that has a referential 
dependency on another table, such as table 142. 

FIGS. 2 A, B and C are schematic representations of 
portions of the table 142 in accordance with an exemplary 
embodiment of the present invention. When data is rolled 
into the table 142, the rolled-in data is placed into one or 
more portions 144. The first portion 144 that contains 
rolled-in data is delimited by delimiters marking the begin 
ning and the end of the portion 144 Such as, for example, the 
delimiters startOfRollinData 1145 and endOfRollinData 1 
147 respectively. Similarly, each of the subsequent portions 
144 containing rolled-in data are delimited by delimiters 
145, 147 where the digit 1 in the delimiter name is replaced 
by the ordinal number of the portion 144 (e.g. 2, 3,..., N). 
Alternatively, other forms of delimiters that permit the start 
and the end of portions 144 to be marked and the delimiters 
associated with each portion 144 to be distinguished can be 
used. The delimiters 145, 147 for each of the portions 144 
containing rolled-in data can be stored in the table metadata 
146. The existence of the delimiters 145, 147 associated with 
a portion 144 can be used to signify that integrity processing 
of the rolled-in data in the portion 144 has not yet been 
performed. 

In the exemplary embodiment of the present invention the 
table scan mechanism 122 is arranged to treat as invisible 
any rows in a portion 144 delimited by startOfRollinDataX 
145 and endOfRollinDataX 147 delimiters (where X is 
the ordinal number of the portion). The index scan mecha 
nism 124 is arranged to treat as invisible any index entry that 
refers to a row in a portion 144 delimited by startOfRol 
linDataX 145 and endOfRollinDataX 147 delimiters. 
The update mechanism 126 provides for operations on 

data in the table 142 including: modify, insert and delete. In 
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4 
the case of modify and delete operations, the update mecha 
nism treats as invisible any rows in a portion 144 delimited 
by startOfRollinDataX 145 and endOfRollinDataX 147 
delimiters and therefore does not permit the operation to 
occur. In the case of insert operations, the update mechanism 
treats as invisible all portions 144 delimited by startOfRol 
linDataX 145 and endOfRollinDataX 147 delimiters. 
Therefore, an inserted row of data does not fall within any 
portion 144 delimited by startOfRollinDataX 145 and 
endOfRollinDataX 147 delimiters. 
The above described behaviors for the table scan mecha 

nism 122, index scan mechanism 124 and update mecha 
nism 126 provide for the beneficial application of the present 
invention. When data has been rolled-in to the table 142 but 
has not yet been integrity checked, the above described 
behaviors permit the data warehouse 140 to be normally 
available (i.e. online accessible) to a general user for opera 
tions on the content of the data warehouse 140 that pre 
existed the data roll-in without concern that the as yet not 
integrity checked, rolled-in data will negatively affect the 
general user's interaction with the data warehouse 140. This 
allows execution of integrity checking of the rolled-in data 
to be deferred to a later time and incrementally processed 
without negatively impacting or delaying general user 
access to pre-existing content of the data warehouse 140. 
The integrity processing mechanism 128 can be invoked 

at some time after data is rolled-in to the table 142 for the 
purposes of applying integrity processing. Since the table 
142 is generally assumed to be integrity consistent before 
data is rolled-in, the application of integrity processing can 
be limited to those portions 144 that contain rolled-in data. 
Portions 144 that contain rolled-in data are designated by the 
existence of the delimiters 145, 147 associated with the 
portion 144. The integrity processing mechanism 128 uses 
delimiters 145, 147 stored in metadata 146 to identify those 
portions 144 that contain rolled-in data and thereby deter 
mine which data requires integrity processing. 

Portions 144 that contain rolled-in data can be integrity 
processed serially one after another or alternatively any or 
all portions 144 can be integrity processed in parallel. For 
each portion 144 to be integrity processed, a Sub-portion of 
the portion 144 is designated. The Sub-portion has one or 
more contiguous rows and is delimited by, for example, by 
the startOfRollinDataX 145 delimiter and an endOf Integ 
rity Processing 149 delimiter as represented in FIG. 2B. 
(Note that the endOflintegrityProcessing delimiter may be 
stored in the table metadata). Integrity processing of the 
Sub-portion includes constraint checking, extraction of index 
keys and insertion into the index mechanism 148 and 
incremental refresh of dependent materialized views 150 for 
each row in the sub-portion. In order to keep the material 
ized views 150 synchronized with what is visible in the table 
142, locks are applied to rows that are updated in the 
materialized views 150 with respect to the rows in the 
sub-portion. The locks are released when the rows in the 
sub-portion are made visible (i.e. when the sub-portion is 
completely integrity processed and is made online acces 
sible). 
Once integrity processing is completed on the Sub-por 

tion, the rows of rolled-in data in the sub-portion can be 
made visible (i.e. online accessible) to general users of the 
data warehouse 140. The rows of the sub-portion are made 
visible by moving (i.e. reassigning) the startOfRollin 
DataX 145 delimiter to be equal to the endoflintegrity Pro 
cessing 149 delimiter as represented in FIG. 2C. Thereby 
the integrity processed Sub-portion is no longer part of the 
contiguous portion delimited by startOfRollinDataX 145 
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and endOfRollinDataX 147 delimiters and therefore will 
not be treated as invisible by the operations mechanisms 
122, 124 and 126. Locks associated with rows in the 
sub-portion are released in the dependent materialized views 
150. Another sub-portion can be designated in the manner 
describer above with reference to FIG. 2B and integrity 
processing can continue until all rolled-in data has been 
integrity processed and made online accessible. 

FIG. 3 is a flowchart representing the steps in an exem 
plary embodiment of a method 200 according to the present 
invention. Data being rolled-in to a table 142 in a data 
warehouse 140 is arranged into one or more portions 144 in 
step 210. Each portion has one or more contiguous rows. In 
step 220, each portion 144 is delimited by start and end 
delimiters 145, 147 and the delimiters 145, 147 for each of 
the portions 144 containing rolled-in data are stored in the 
table metadata 146. In step 230 operations are provided that 
are responsive to the start and end delimiters 145, 147 in 
accordance with the function of mechanisms 122, 124, 126 
and 128 as described above with reference to the operations 
management module 120 of FIG. 1. Thereby, the data 
warehouse 140 can be made available to general users while 
integrity processing of roll-in data is deferred and executed 
incrementally. In step 240 a sub-portion of a portion 144 is 
delimited by the start delimiter 145 and an end-of-integrity 
processing delimiter 149. In step 250, integrity processing is 
applied to the rolled-in data contained in the Sub-portion as 
described above with reference to the integrity processing 
mechanism 128 of FIG.1. In order to keep the materialized 
views 150 synchronized with what is visible in the table, 
locks are applied to rows that are updated in the materialized 
views 150 with respect to the rows in the sub-portion. In step 
260, when integrity processing of the Sub-portion has been 
completed, the integrity processed data is made online 
accessible (i.e. visible) by moving (i.e. reassigning) the start 
delimiter 145 to be equal to the end-of-integrity-processing 
delimiter 149 and corresponding locks in dependent mate 
rialized views 150 are released. If there is still data in the 
portion 144 that has not yet been integrity processed, the 
end-of-integrity-processing delimiter 149 can be moved to 
delimit a new sub-portion as described in step 240. Steps 
240, 250 and 260 can be repeated until all of the rolled-in 
data is integrity processed and made online accessible. Note 
that Subsequent iterations of the method, in particular steps 
240, 250 and 260, can be deferred without impacting online 
access to the already integrity processed data. Note also that 
multiple Sub-portions can be processed concurrently while 
remaining within the scope and spirit of the method accord 
ing to the present invention. 
The method according to the present invention can be 

implemented by a computer program product comprising 
computer readable program codes devices. 

FIG. 4 is a schematic representation of an exemplary 
generic computing platform on which the present invention 
can be practiced. A central processing unit (CPU) 300 
provides main processing functionality. A memory 310 is 
coupled to CPU 300 for providing operational storage of 
programs and data. Memory 310 can comprise, for example, 
random access memory (RAM) or read only memory 
(ROM). Non-volatile storage of, for example, data files and 
programs is provided by a storage device 320 that can 
comprise, for example, disk storage. Both memory 310 and 
storage device 320 comprise computer useable media that 
can store computer program products in the form of com 
puter readable program code. User input and output is 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
provided by an input/output (I/O) facility 330. The I/O 
facility 330 can include, for example, a graphical display, a 
mouse and a keyboard. 

It will be apparent to one skilled in the art that numerous 
modifications and departures from the specific embodiments 
described herein may be made without departing from the 
spirit and scope of the present invention. 
The invention claimed is: 
1. A data processing system for providing general user 

availability while integrity processing of rolled-in data is 
deferred and performed incrementally, the data processing 
system comprising: 

a data warehouse administration module for administer 
ing a data warehouse to comprise: 

a table dividable into portions for containing rows of 
rolled-in data; 

a first and a second delimiter delimiting the start and the 
end respectively of each portion; 

a metadata element having an entry corresponding to the 
start and end delimiters delimiting each portion; 

a third delimiter for delimiting, between the first delimiter 
and the third delimiter, a sub-portion of the portion; and 

an operations management module having operation 
mechanisms for performing operations on the data 
warehouse responsive to the delimiters, wherein the 
operation mechanisms include an integrity processing 
mechanism that uses the first and the third delimiters to 
identify the sub-portion and thereby determine which 
data requires integrity processing and further performs 
integrity processing on the rolled-in data contained in 
the sub-portion. 

2. The data processing system of claim 1, wherein the 
operation mechanisms further include any one of 

a table scan mechanism; 
an index scan mechanism; and 
an update mechanism. 
3. The data processing system of claim 2, wherein the 

table scan mechanism is arranged to inhibit general users 
from accessing rows in a portion delimited by the first and 
second delimiters. 

4. The data processing system of claim 2, wherein the data 
warehouse administration module administers the data 
warehouse to further comprise an index mechanism having 
indices that reference rows and wherein the index scan 
mechanism is arranged to inhibit general users from access 
ing any index that refers to a row in a portion delimited by 
the first and second delimiters. 

5. The data processing system of claim 2, wherein the 
update mechanism provides for modify, insert and delete 
operations on data in the table, 

for the modify and the delete operations, the update 
mechanism treats as invisible any rows in a portion 
delimited by the first and second delimiters and there 
fore does not permit the operation to occur, and 

for the insert operations, the update mechanism treats as 
invisible all portions delimited by the first and second 
delimiters. 

6. The data processing system of claim 2, wherein the 
integrity processing of the Sub-portion includes constraint 
checking, extraction of index key and insertion into the 
index mechanism, and incremental refresh of dependent 
materialized views for each said row in the sub-portion. 

7. The data processing system of claim 1, wherein the data 
contained in the Sub-portion is made accessible online to a 
user or made accessible to a user in general after said 
integrity processing on the data has been completed. 



US 7,302,441 B2 
7 

8. The data processing system of claim 7, wherein the data 
is made accessible online or made accessible to a user in 
general by making the first delimiter equal to the third 
delimiter. 

9. A data processing system-implemented method of 5 
directing a data processing system 

to provide general user availability while integrity pro 
cessing of rolled-in data is 

deferred and performed incrementally, the data processing 
system-implemented method comprising: 

administering a data warehouse to comprise: 
a table dividable into portions for containing rows of 

rolled-in data; 
a first and a second delimiter delimiting the start and the 

end respectively of each portion; 15 
a metadata element having an entry corresponding to the 

start and end delimiters delimiting each portion; 
a third delimiter for delimiting, between the first delimiter 

and the third delimiter, a sub-portion of the portion; and 
performing operations on the data warehouse responsive 

to the delimiters, wherein the performing includes an 
integrity processing that uses the first and the third 
delimiters to identify the sub-portion and thereby deter 
mine which data requires integrity processing and 
further performs integrity processing on the rolled-in 
data contained in the Sub-portion. 

10. The data processing system-implemented method of 
claim 9, wherein the performing further includes any one of: 

a table scan; 
an index scan; and 
an update. 
11. The data processing system-implemented method of 

claim 10, wherein the table scan is arranged to inhibit 
general users from accessing rows in a portion delimited by 
the first and second delimiters. 

12. The data processing system-implemented method of 
claim 10, wherein the administering administers the data 
warehouse to further comprise an index mechanism having 
indices that reference rows and wherein the index scan 
mechanism is arranged to inhibit general users of from 40 
accessing any index that refers to a row in a portion 
delimited by the first and second delimiters. 

13. The data processing system-implemented method of 
claim 10, wherein the update provides for modify, insert and 
delete operations on data in the table, 

for the modify and the delete operations, the update 
mechanism treats as invisible any rows in a portion 
delimited by the first and second delimiters and there 
fore does not permit the operation to occur, and 

for the insert operations, the update mechanism treats as 
invisible all portions delimited by the first and second 
delimiters. 

14. An article of manufacture for directing a data pro 
cessing system to provide general user availability while 
integrity processing of rolled-in data is deferred and per 
formed incrementally, the article of manufacture compris 
1ng: 
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a program usable medium embodying one or more 

instructions executable by the data processing system, 
the one or more instructions comprising: 

data processing system executable instructions for admin 
istering a data warehouse to comprise: 
a table dividable into portions for containing rows of 

rolled-in data; 
a first and a second delimiter delimiting the start and the 

end respectively of each portion; 
a metadata element having an entry corresponding to 

the start and end delimiters delimiting each portion; 
a third delimiter for delimiting, between the first delim 

iter and the third delimiter, a sub-portion of the 
portion; and 

data processing system executable instructions for per 
forming operations on the data warehouse responsive to 
the delimiters, wherein the operations include integrity 
processing mechanism that uses the first and the third 
delimiters to identify the sub-portion and thereby deter 
mine which data requires integrity processing and 
further performs integrity processing on the rolled-in 
data contained in the Sub-portion. 

15. The article of manufacture of claim 14, wherein the 
data processing system executable instructions for perform 
ing further includes performing any one of 

a table scan; 
an index scan; and 
an update. 
16. The article of manufacture of claim 15, wherein the 

table scan is arranged to inhibit general users from accessing 
rows in a portion delimited by the first and second delim 
iters. 

17. The article of manufacture of claim 15, wherein the 
data processing system executable instructions for adminis 
tering administers the data warehouse to further comprise an 
index mechanism having indices that reference rows and 
wherein the index scan mechanism is arranged to inhibit 
general users from accessing an index that refers to a row in 
a portion delimited by the first and second delimiters. 

18. The article of manufacture of claim 15, wherein the 
update provides for modify, insert and delete operations on 
data in the table, 

for the modify and the delete operations, the update 
mechanism treats as invisible 

any rows in a portion delimited by the first and second 
delimiters and therefore does not permit the operation 
to occur, and 

for the insert operations, the update mechanism treats as 
invisible all portions delimited by the first and second 
delimiters. 


